Abstract: There are many limitations to image acquisition, using conventional radiography, of the temporomandibular joint (TMJ) region. The Computed Tomography (CT) scan is a better option, due to its higher accuracy, for purposes of diagnosis, surgical planning and treatment of bone injuries. The aim of the present study was to analyze two protocols of cone beam computed tomography for the evaluation of simulated mandibular condyle bone lesions. Spherical lesions were simulated in 30 dry mandibular condyles, using dentist drills and drill bits sizes 1, 3 and 6. Each of the mandibular condyles was submitted to cone beam computed tomography (CBCT) using two protocols: 1) axial, coronal and sagittal multiplanar reconstruction (MPR); and 2) sagittal plus coronal slices throughout the longitudinal axis of the mandibular condyles. For these protocols, 2 observers analyzed the CBCT images independently, regarding the presence or not of injuries. Only one of the observers, however, performed on 2 different occasions. The results were compared to the gold standard, evaluating the percentage of agreement, degree of accuracy of CBCT protocols and observers' examination. The z test was used for the statistical analysis. The results showed there were no statistically significant differences between the 2 protocols. There was greater difficulty in the assessment of small-size simulated lesions (drill # 1). From the results of this study, it can be concluded that CBCT is an accurate tool for analyzing mandibular condyle bone lesions, with the MPR protocol showing slightly better results than the sagittal plus coronal slices throughout the longitudinal axis.
Introduction
Many injuries, inflammatory and degenerative diseases, postural disorders, traumas and other abnormalities compromise the equilibrium of temporomandibular joint components, resulting in its disorder or dysfunction. 1 Complementary radiographic exam is an important instrument to diagnose and evaluate the degree of such anomalies, which affect the temporomandibular joint. Radiographic evidence that characterizes the presence of degenerative disease in the joints includes erosions of the cortical boundary and reduction of the joint biological space. 2 Computed tomography (CT) is an exam that is indicated because it presents high specificity and sensitivity, essential to the diagnosis, planning and treatment of TMJ bone lesions. 3 Using CT, it is possible to analyze the boundary of the mandibular condyle, its position in the mandibular fossa and the involvement of the cortical bone in relation to the bone lesions. 4, 5 Several bone alterations that occur in the TMJ, such as erosions and osteophytes in the mandibular condyle, are difficult to detect using conventional radiography and thus necessitate the use of CT. 6 CT has been used to diagnose several bone abnormalities of the TMJ, from osteophytes to tumors. [6] [7] [8] According to Marques and Moraes, 9 erosion in the mandibular condyle is prevalent in 7.9% of total TMJ alterations.
Cone beam computed tomography (CBCT) was introduced during the last decade. It uses X-ray exposure in cone shapes instead of slices, as in the spiral CT, for image acquisition. This technology presents less X-ray exposure and lower cost to the patient than the spiral CT, in addition to its capacity to capture images in just one rotation of the X-ray source. 10, 11 This study aims to demonstrate the sensitivity and specificity of cone beam computed tomography, and to establish a more adequate protocol for the post-processing of images for the interpretation of simulated mandibular condyle bone lesions.
Material and Methods
The present study was submitted to and approved by the Committee of Ethics in Research of the School of Dentistry, University of São Paulo, under protocol # 26/2009. A total of 15 macerated human mandibles (with 30 mandibular condyles) were used in this study. Anatomical specimens of adult mandibles whose mandibular condyles presented bilaterally a satisfactory aspect of preservation were selected. Each mandibular condyle was divided into five regions: anterior, lateral, posterior, medial and superior, totaling five specific areas. Using a KaVo  high-speed handpiece (KaVo do Brasil, Joinville, SC, Brazil) and three surgical carbide ball drill bits for dental use, with different head diameters (# 1, 3, 6), trademark Jet-Carbide Burs  (Carbide Burs, Morrow, OH, USA), holes were made randomly in one or more portions of each mandibular condyle, that either did or did not reach the cortical and the medullar bone, to simulate bone lesions. After drilling the holes, all the mandibles were submitted to cone beam computed tomography.
In order to simulate the X-ray attenuation caused by soft tissues in vivo, the mandibles were inserted one by one into a plastic container with water until they were completely submersed.
The acquisition of images by CBCT was accomplished using the i-CAT Classic  system (Imaging Sciences International, Hatfield, PA, USA) ( Figure  1) . First, the initial scan was performed with the slicing plane in axial orientation, and leveled with the mandible base up to the region of the mandibular condyle. These images were obtained using the following CBCT acquisition protocol: The single criterion for the analysis of lesions in the tomographic images versus the gold standard was verification of the presence or absence of the lesion (hole) in the mandibular condyle.
In relation to the standardization of the analyses, the observers interpreted the tomographic images of the mandibular condyles in the following way:
• Protocol 1 -Multiplanar reconstructions (MPR) -axial, coronal and sagittal -from the CBCT, with 1-mm slice thickness and 1-mm spacing, were interpreted at the independent workstation using the i-CAT Vision  software ( Figure 2 ).
• Protocol 2 -Sagittal and coronal slices along the longitudinal axis of the mandibular condyle from the CBCT, with 1-mm slice thickness and 1-mm spacing, were also observed at the same independent workstation using the same i-CAT Vision  software ( Figures 3 and 4) . The systematic evaluation of the tomographic images was performed by two observers, individually, following the principle of randomization of the images for each observer. Both observers (PhD students) were calibrated by means of images acquired for this research, in a random form, concerning the agreement of the hypodense images in the different regions of the mandibular condyles, on two different occasions at an interval of one week. The analyses were performed in the following manner: observer 1 analyzed the images at two distinct times (with an interval of seven days), labeled as observer 1 (first analysis) and observer 1' (second analysis). The other observer (observer 2), independently, analyzed the images only once. The second analysis of observer 2 was not carried out because it would not have increased sufficiently the number of observers to a statistically representative sample, and it would have increased costs and time without contributing to the accuracy of the results. For the analysis of the lesions shown in the CBCT versus the gold standard, the presence or absence of bone lesions (holes) and their locations in all mandibular condyles were evaluated in each protocol of analysis.
For the statistical analysis of this research, the percentages of the agreements of each observer were calculated in relation to the gold standard. For the statistical treatment of the data in this study, the z test was used with a level of significance of 5%. Statistically significant differences were observed when the resultant value of P in the test was less than or equal to 5%.
The information from observer 1 was used to calculate the sensitivity and the specificity of the protocols of CBCT.
Results
Tables 1 through 6 present the information from the observers in relation to the presence or absence of holes (lesions), and also from the analyses of the two CBCT protocols for assessing simulated bone lesions. The tables also show intra-observer and inter-observer comparisons using the z test, and results of sensitivity and specificity, aiming at the validation of the methods.
In the statistical analysis, the data recorded by the observers were compared to the gold standard (data shown in Table 1 ), using the z test. Table 2 presents the average percentage of agreements, in relation to the gold standard, for the assessment of the protocols used, independent of the absence of a hole or the size of the drill bit used to create the hole. Table 3 presents the z test results for the intraand inter-observer comparisons, for each protocol used.
As no statistically significant differences were found in the intra-observer percentages of agreements, and one protocol showed significant difference in the inter-observers percentages of agreements, the information coming from observer 1 was used to calculate the sensitivity and the specificity of the protocols utilized, as well as to make the comparisons of the percentages of agreements between the protocols. Table 4 shows the sensitivity of each protocol used according to the region examined. Table 5 shows the specificity of each protocol used according to the region examined by observer 1. Table 6 presents the percentages of agreements in relation to the gold standard, analyzed using the z test, as a cross-check for the protocols used. In this way, it was possible to establish statistically the existence or not of differences between these protocols.
From the results of analyses shown in Table 6 , it can be concluded that statistically there are no differences between the results of the evaluations of multiplanar reconstructions and the evaluations of sagittal/coronal slices in relation to the longitudinal axis of the mandibular condyle.
Discussion
Many studies have been performed about radiographic evaluation of the articular degenerative disease located in the temporomandibular joint. 12, 13 The radiographic patterns, which characterize the presence of degenerative diseases in the TMJ, show erosions of the mandibular condyle and reductions of articular biological space. The transcranial, transfacial, and panoramic radiographs are limited for this type of evaluation, due to the overlaps and distortions peculiar to these methods. 2, 9 Computed tomography has been used in the last decades, with satisfactory results, for the evaluation of bone alterations in the TMJ. Similar satisfactory results have been observed in the present work. 3, [14] [15] [16] More recently, cone beam computed tomography has been the object of study for TMJ evaluation by various authors who consider it the best recom- Table 5 -Specificity of the protocols utilized for each region examined by observer 1. Table 6 -Percentages of agreements in relation to the gold standard in the examination of CBCT using the i-CAT Vision Table 4 -Sensitivity of the protocols utilized for each region examined by observer 1.
mended method for these cases. 11, 15, 17, 18 Gaia and Cavalcanti 19 performed a study of the different CT protocols for bone affections of the temporomandibular joint, emphasizing that CT can be considered as the standard image for investigation of TMJ when using axial images and multiplanar reconstruction (MPR). In the present study, the visualization was improved by using sagittal and coronal slices along the longitudinal axis of the mandibular condyle, as they added information regarding some anatomical regions.
Similarly to the studies of Utumi et al. 20 and Cara et al., 14 the statistical methodology used in this study considered just one intra-observer analysis in order to avoid increasing costs and time, without losing the accuracy of the results, compared to the use of two intra-observer analyses. Additionally, a second observer was not considered because it would not increase sufficiently the number of observers to characterize a statistically representative sample.
The results of this study corroborate the research of Cara et al., 14 in which they found a high level of sensitivity and specificity using multislice CT to identify mandible condyle lesions. Furthermore, our study demonstrated very similar sensitivity and specificity in both protocols when CBCT images were assessed.
Utumi et al. 20 also found a high level of sensitivity and specificity using multislice CT with parasagittal reconstruction. The same was found, with sagittal and coronal slices along the axis of the mandibular condyle, in the present work.
Bone lesions were simulated in dry mandibular condyles, using three sizes of drill bits. This is the same methodology used in the work of Utumi et al. 20 This methodology was chosen in order to obtain a Gold Standard, which would permit an easy comparison of the results obtained by the observers, allowing for statistical treatment.
For the two protocols tested, the percentages of agreements (concordance) of hole presence identified by the observers were calculated in all the regions of the mandibular condyle, and in relation to the size of the hole. It was observed that the larger the size of the hole, the higher the percentages of agreements by the observers. The results are similar regarding the average size of holes, as well as the absence of any holes, irrespective of the protocol used. Concerning the smaller-size holes, the percentage of agreements in relation to the gold standard was lower. All observers concurred with this fact. Analyzing these results, it was noted that even in accurate exams with high resolution like computed tomography, the smaller the bone lesion, the more difficult its identification will be, according to Tsiklakis et al. 10 and Hussain et al. 6 Applying the z test, the results showed that the percentage of agreements between the observers did not differ very much, according to the protocols used. It was observed that no statistically significant differences were found (P ≤ 0.05) in the intra-observer comparisons, demonstrating the reproducible feature of the technical protocols. Only the protocol of sagittal/coronal slices throughout the longitudinal axis of the mandibular condyle showed statistically significant differences in the inter-observer comparisons. In the other cases, no statistically significant differences were noted.
Ludlow et al. 8 performed a comparative study in vitro of the degree of accuracy for the detection of bone alterations in the TMJ region with the CT multislice, using sagittal and coronal images (multiplanar reconstructions) and panoramic radiographs. The multiplanar reconstructions showed greater accuracy for the evaluation of bone lesions in the mandibular condyle than the panoramic images. In comparison to their study, the present work has demonstrated differences in the percentage of agreements concerning the position of the simulated lesions in the mandibular condyle, related to the diameter of the drill bits. Concerning the concordance, in each analyzed region, it was observed that the images did not present significant differences.
Conclusions
• Cone beam computed tomography was validated for the assessment of the presence or absence of bone lesions, even for small ones, confirming the results of studies already published in the litera-ture.
• Both post-processing protocols of CBCT were considered to be adequate in the assessment of bone lesions in the mandibular condyle, with the multiplanar reconstruction protocol showing slightly better results.
